BACKGROUND: Mental disorders are often a cause of long-term sickness absence (LTSA). Kessler 6 (K6) and the Brief Job Stress Questionnaire (BJSQ) are short mental health assessment questionnaires and widely used for assessing mental health in the workplace. OBJECTIVE: The purpose of this study is to evaluate the screening performance of these tools for the prediction of LTSA due to mental disorders (LTSA-MD). METHODS: K6 and BJSQ were administered to 19,321 public servants, of whom 131 took LTSA-MD during the study period. A receiver operating characteristic curve was drawn to estimate the area under the curve (AUC), sensitivity, and specificity with optimal cut-off points for K6 and four BJSQ subscales (Job Stressors; Stress Responses; Social Support; and Job Stressors + Social Support). RESULTS: K6 showed the highest AUC, and K6 and the Stress Responses subscale of the BJSQ showed higher AUC and sensitivity than other BJSQ subscales. CONCLUSIONS:
stress related to employment [3] , and mental health problems are growing in 37.6% of enterprises [4] . Therefore, mental health care for employees and measures to address these trends are important issues in the workplace.
Mental illness is often disabling, leading to decreased productivity at work and longterm sickness absence (LTSA). Mental disorders are the cause of 40% of all sickness absence in the United Kingdom [5] , and 41% of sickness absence among men and 30% among women in Sweden [6] . In Japan, sickness absence due to mental disorders rose from 34% in 2001 to 63% in 2006 among national public servants [7] . In 2013, the Japanese Ministry of Health, Labour and Welfare reported that in about 10% of companies, some employees took more than 1 month of LTSA, or retirement, because of mental disorders in the past year [8] . The cost of productivity loss attributable to LTSA is enormous, and it is necessary to predict LTSA as early as possible.
To minimize the social and individual effects of sickness absence due to mental disorders, early detection of mental disorders is essential [9] [10] [11] . Many self-administered questionnaires have been developed for screening mental disorders in the general population [12] [13] [14] [15] [16] . The Brief Job Stress Questionnaire (BJSQ) was developed by a research group commissioned by the Japan Ministry of Health, Labour and Welfare [17] . BJSQ is a simplified questionnaire for employees with 57 items relating to job stress. Additionally, from December 2015, an amendment to the Industrial Safety and Health Act required companies regularly employing 50 workers or more to offer an annual "Stress Check Program" using the BJSQ in Japan. This amendment aims to prevent work-related mental illness by helping employees identify of job stressors and their impact, and helping employers improve the work environment through collective analysis of BJSQ data. The BJSQ has three subscales: Job Stressors; Stress Response; Social Support. These are based on the National Institute for Occupational Safety and Health (NIOSH) stress model, and are checked in the screening for highly stressed workers in the Stress Check Program.
Very short screening questionnaires, such as the Kessler 6 (K6), which contains just six questions on depression and anxiety, are increasingly used in community settings [18] . The self-or interviewer-administered K6 questionnaire was developed to detect general psychological distress [18] . Because of its brevity (six items to be completed within 2 -3 min), K6 has a great advantage over other well-known scales.
Previous reports have demonstrated that K6 and BJSQ can effectively detect major depression [19] [20] . However, few studies to date have examined the ability of these brief screening questionnaires to predict LTSA-MD. We hypothesized that K6 and BJSQ can instantly predict LTSA-MD. The aim of this study was to evaluate the screening performance of the K6 and BJSQ subscales for LTSA-MD.
Materials and Methods

Subjects
This was a retrospective cohort study that examined the screening performance of K6 and BJSQ subscales in association with LTSA in Japanese workers. City "A" of the Kin-ki region in Japan administered mental health check by K6 and BJSQ [21] [22] to strengthen the mental health of public servants once a year. In the present study, 21, 369 public servants belonging to the municipal office or the ward office in city "A" participated the mental health check in 2011. We got the date of mental health check with the corporation of city "A". After excluding 2048 participants because they didn't complete questionnaires, a total of 19,321 public servants who completed the questionnaires were analyzed. No participant was taking LTSA at the time of completion of the questionnaires. We then obtained lists of workers on LTSA-MD between 2011 and 2012. LTSA was defined as sickness absence lasting more than 90 days and confirmed by medical certification. The International Classification of Diseases, Tenth Revision (ICD-10) codes [23] were used to diagnose and classify mental disorders (F code) that resulted in LTSA.
Ethics Statement
The Human Subjects Review Committee at Osaka City University approved the protocol of this study (authorization number: 2969). No written informed consent was required because the data already existed. The health care center of City A collected the K6 and BJSQ data of workers during an annual mental health check to evaluate and improve the psychological work environment. All participant data were anonymized and de-identified before we obtained them under encrypted IDs.
Demographic Variables
The demographic variables were sex, age, job title (manager/non-manager), and job category (clerical/technical/professional/other).
Kessler Psychological Distress Scale 6 (K6)
K6 data of workers in City A was obtained at the annual health check. K6 consisted of six items measured on a 5-point scale (0 -4). The total score (0 -24) is an indicator of severity of mental illness [24] and mood and anxiety disorders [25] , with higher scores indicating greater severity. K6 was translated into Japanese, and its validity to the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV) mood and anxiety disorders was confirmed by a lay interviewer-administered diagnostic interview in the community sample [25] . The reliability and validity of the original versions have been evaluated repeatedly in the USA and Australia [24] [25] . The efficacy of the K6 scale was also reported in the detection of major depression and dysthymia according to the DSM-IV [26] . The screening performance of K6 scales in detecting 30-day DSM-IV mood and anxiety disorders was excellent, with area under the receiver operating characteristic curve (AUC) values as high as 0.94 for K6 [27] .
Brief Job Stress Questionnaire
The BJSQ was derived from questions in the Job Content Questionnaire and the NIOSH generic job stress psychometric instrument [28] . The BJSQ is a reliable and valid measure of mental health in Japanese workers [21] [22] [29] . The questionnaire contains 57 items with 4 point Likert-type responses ranging from "agree" (4) to "disagree" (1) and comprises four subscales: Job Stressors (17 items with a total score of 17 -68), Stress Responses (29 items; 29 -116), Social Support (9 items; 9 -36), and Work and Life Satisfaction (2 items; not used in the present study). Higher scores indicate greater stress, and reverse scoring was used where necessary.
For Job Stressors, we obtained scores of quantitative job overload (3 items), qualitative job overload (3 items), physical demands (1 item), job control (3 items), skill underutilization (1 item), interpersonal conflict (3 items), poor physical environment (1 item), job suitability (1 item) and job reward (1 item). For Stress Responses, scores were obtained for vigor (3 items), hostility (3 items), fatigue (3 items), insecurity (3 items), depression (6 items), and physical stress (11 items). The Social Support subscale comprised supervisor support (3 items), coworker support (3 items), and family support (3 items).
In the Stress Check Program, workers were identified as possible "high-stress" subjects based on BJSQ scores, and were recommended to receive an interview by a doctor if one of the following two criteria were met: A, high stress reactivity (i.e. Stress Responses score > 76), or B, moderate stress reactivity but high job stress or low social support in the workplace (i.e. Stress Responses score > 62, and Job Stressors + Social Support score > 75) [30] . We therefore used three BJSQ subscale scores, plus the sum of two (Job Stressors + Social Support) to screen LTSA in the present study.
In addition, we calculated the sensitivity and specificity of the Stress Check Program criteria (A and B) for the prediction of LTSA-MD.
Statistical Analysis
Cronbach's alpha coefficient was calculated for K6 and BJSQ, and the distribution of the scores was obtained for the workers in City A. Receiver operating characteristic (ROC) curves were drawn for each scale to differentiate workers who were on LTSA from those who were not, by calculating the AUC. The AUC indicates the probability that the mental health symptom score correctly identifies a LTSA worker, and is a measure of the discriminative ability of the K6 and BJSQ subscales. Assuming AUC = 0.50 represents no discrimination above chance, AUC ≥ 0.90 represents excellent discriminative ability, 0.80 -0.89 good, 0.70 -0.79 fair, and 0.60 -0.69 represents poor discriminative ability. AUC < 0.60 indicates insufficient discrimination [31] . The optimal cut-off points of K6 and BJSQ for LTSA were calculated using the Youden method [32] , and the "shortest distance to upper left corner" method was used to select a cut-off point that would yield a position closest to the upper left corner on the ROC [33] . Sensitivity and specificity were compared across the scales based on the optimal cut-off points. All analyses were conducted using IBM SPSS version 22 (IBM, USA) and JMP 8 (SAS, USA). 
Results
Participant Characteristics
Characteristics of LTSA-MD
The most frequent ICD-10 diagnostic code of workers who had taken LTSA was F3:
Mood disorders; this accounted for 97 workers (74.0%). The second most frequent diagnostic code was F4: Stress-related and somatoform disorders (31 workers; 23.7%), followed by F1: Mental and behavioral disorders due to psychoactive substance use (two workers; 1.5%) and F5: Eating disorders (one worker; 0.8%).
K6 and BJSQ Scores
Questionnaire scores of workers on LTSA were higher (representing greater stress) than those of workers not on LTSA (Table 2 ). Cronbach's alpha coefficient was 0.90 for K6 and 0.84 for BJSQ. Figure 1 shows the ROC curves representing K6 and the subscales in BJSQ; Table 3 shows their AUC, optimal cut-off point, sensitivity and specificity. The "shortest distance to upper left corner" method was used to identify the optimal cut-off point for each scale. In K6, the areas under the ROC curves for LTSA-MD was 0.72 (95% CI: 0.68 -0.77); in the BJSQ subscales, the areas under the ROC curves of Stress Response, Job 
ROC Curves and AUC
Applying Stress Check Program Criteria
Criterion A was satisfied by 1992 workers (10.3%), criterion B by 1,066 workers (5.5%), and both by 671 workers (3.5%). The Stress Check Program identified 2387 possible high-stress workers (12.3%), of whom 47 (0.3%) had taken LTSA-MD. The sensitivity of the criteria used in the Stress Check Program was 35.9%, and 1-specificity was 12.2%.
Discussion
The aim of the present study was to evaluate the screening performance of K6 and BJSQ for LTSA-MD. We used a large sample of 19,321 public servants to explore this question. Our study identified the most reliable predictors of LTSA-MD incidence from these brief screening questionnaires. Our data show that, of the questionnaires investigated, K6 and the Stress Response subscale of the BJSQ are the best predictors of LTSA-MD.
The number of workers taking LTSA-MD was 131 (0.68%) in the present study. In Japan, the prevalence of LTSA-MD among public servants is 0.97% [34] , and in Sweden, the annual cumulative sickness absence accounts for 1.7% of the employed population [35] . The incidence of sickness absence in the present study is lower than that reported elsewhere. This may be because, despite the large number of studies investigating LTSA, there is no international consensus on its definition. Here, we defined LTSA as taking leave from work for more than 90 days; however, many other studies define LTSA as a period of absence shorter than 60 days. It may be that workers on sick leave in our study are more severely affected than those in other studies, and require a longer period of absence.
The optimal cut-off point for K6 in the present study was 6/7. In previous screening studies, the optimal cut off point was 4/5 for mood/anxiety disorders in the general population [20] and 12/13 for severe mental illness [24] ; thus, the K6 cut-off point in the present study was between the results obtained in previous studies. In addition to the possibility that the severity of mental disorders may have been exceptionally high in our study, it is also possible that public servants in Japan take sickness absence before their mental illness becomes severe. Public service roles in Japan are considered very stable, and the system of taking sickness absence is easier to use than in the private sector.
Of the questionnaires examined, the highest AUC, indicating the best screening per- The sensitivity of BJSQ according to the cut-off point in the Stress Check Program was lower than that of K6. This may be because our study focuses on workers taking LTSA, whereas the Stress Check Program focuses on possible high-stress workers and includes those with lower stress to enable primary prevention. Highly stressed workers tend to take sickness absence [6] , and this might progress to LTSA-MD. LTSA-MD can This study has several limitations. First, the data were obtained from public servants in one city in Japan, which may make it difficult to generalize the findings to other job categories, and other regions or countries. Second, we did not consider the time between completion of the questionnaires and the start of sickness absence. Third, we studied only two of several short screening questionnaires examining mental disorders; future studies should address other questionnaires. Fourth, there may be a sex difference in the screening performance of K6 and BJSQ; we were not able to investigate this effect in the present study. Finally, all data were collected by self-reporting, meaning that the results may be influenced by personality differences or response tendencies. can adjust the environment around them to relieve their stressors. We believe that as a result, the number of workers with sickness absence will be decreased by these brief screening questionnaires and consequent early intervention.
